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The myth of the virgin tropical forest as an uninhabited ecosystem has persisted
among scholars, scientists and nature conservationists (Denevan, 1992). Indeed
the effect of human history on the structure and composition of the Neotropical
forests has long been neglected by ecologists. Nevertheless, in the last two
decades, many archaeologists and anthropologists have pointed out that certain
Amazonian ecosystems were managed by Indians in pre-Columbian times (see
Posey, 1985; Balée, 1989, 1994, 1998; Balée & Gely, 1989; Posey & Balée, 1989;
Moran, 1996; Roosevelt, 1999, 2000; Raffles & WinklerPrins, 2003; Clement et
al., 2003, 2005; Clement, 2006, Heckenberger et al., 2003; 2008, among others).
This note is a summary review of Guix (2005a, 2007) where I emphasize the wide-
spread effects of ancestral human activities in Amazonian forests, through a mu-
tualistic relationship between man and plants that produce large-seeded fruits.
Humans are polyphagous primates that usually consume fleshy fruits (mainly
the pulp) and large seeds. Their ability to search for, pick, transport, open and
process large-seeded fruits makes humans important dispersers of plants, which
may change the distribution of the plant species consumed. Nevertheless, assess-
ments on plant-animal interactions frequently exclude the role of humans as a
passive and active component of seed dispersal patterns (Guix, 1995, 1996; 2005a;
2006, 2007).
During the Pleistocene (Quaternary Period) large mammalian herbivore and
omnivore species, such as gomphotheres, giant forms of xenarthran edentates, wild
horses, camel-like animals, lived in Central and South America (cf., Hubbe et al.,
2007). These herbivores, usually known as the «Pleistocene megafauna», proba-
bly included large fruits in their diets («megafruits»), making them potential dis-
persers of large-seeds (Janzen & Martin, 1982; Hallwachs, 1986; Guimarães et
al., 2008). There is paleontological evidence that megafauna lived in central Ama-
zonia until, at least, the end of the Late Glaciation of the Pleistocene (between
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11,000 and 10,000 B.P.), when the climate was drier, cooler and windier than at
present (Rossetti et al., 2004, 2005; Vivo & Carmignotto, 2004 and references
therein).
Most of the late Pleistocene megafauna that probably dispersed large seeds
were terrestrial mammals for which wide rivers could be efficient geographical
barriers. Hence, these megafauna may not have dispersed some large seeds be-
tween regions located in different drainage systems.
In addition to very large fruits and seeds, other characteristics of some woody
plants, such as bark covered in large thorns, may be adaptations to paleomegafauna.
Large thorns might protect trees and palms of Neotropical savannas that produce
fruits against large herbivores (e.g., mastodons and large ground sloths). These
animals, now extinct, may have attempted to flatten these plants in order to gain
better access to the fruits, like the modern African elephant does today. At the be-
ginning of the Holocene, when the climate became wetter and warmer, the ex-
pansion of dense wet forests would have incorporated these plants from savanna
formations.
By the time the megafauna became extinct in South America, Indians had oc-
cupied the Amazon basin. Indeed there is evidence that humans and several large-
bodied mammal species coexisted between 12,000 and 10,000 B.P. in Amazonia,
and possibly even later (cf., Salazar, 1993; Barry, 1994; Corrêa, 1994; Zucchi,
2002; Rossetti et al., 2004; see also Hubbe et al., 2007 for other regions in South
America).
Large fruits were and still are an important source of food to Indians and Cabo-
clos in Amazonia. These fruits are harvested from trees, palms and bushes dis-
persed in the forest and then transported to the settlements to be processed.
The most common form of seed dispersal by humans occurs when people carry
large fruits that contain large amounts of pulp biomass and large seeds. In such
circumstances, one person cannot usually ingest all the pulp mass available and
the seeds are too large to be swallowed. Thus, fruits are frequently transported to
the settlement and shared with other members of the group. If the seeds are not
eaten they are usually discarded around the settlement. Most of them germinate
and produce seedlings, and in some cases (e.g., some palms) form monospecific
stands, called oligarchic forests by Peters et al. (1989) and anthropogenic forests
by Balée (1989).
Since humans and megafauna used and probably shared part of the resources
(fruits with large amounts of fleshy pulp) at the end of Pleistocene, it is prob-
able that Indians played a crucial role in the dispersion of large-seeded plant
species in the Amazonian rainforests (Guix, 1995, 2006). After the extinction
of the Pleistocene megafauna, few frugivorous vertebrates were able to disperse
large seeds and seeds covered with hard coats in Amazonia. Nowadays major
seed dispersers are large-bodied primates (e.g., Alouatta spp., Ateles spp., Atel-
idae, and Cebus spp., Cebidae) and seed hoarders, such as agoutis and acouchys
(Dasyproctidae).
Humans also participate in mutualistic relationships involving plant species
that produce small-seeded fleshy fruits. In such cases usually people ingest (in-
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advertently) small seeds that pass through the digestive tract whole, and are then
released in the faeces.
The three main human-mediated plant dispersal systems (endozoochory, ex-
ozoochoory and cultural diffusion) persist today (Guix, 1995; 2005a). Several
Yanomamö communities from Venezuela and Brazil still defecate small viable
seeds (endozoochory), discard large seeds (exozoochory) and disperse other
plants by vegetative propagules (cultural diffusion of domesticated species or va-
rieties) around their settlements (see Chagnon, 2006).
Other important communities in Amazonia are constituted by Caboclos,
which include several groups with local designations such as seringueiros (rub-
ber-tappers), and the ribeirinhos and vargeiros (riverine communities), through-
out the region. In fact, the word Caboclo is a generic term used to refer to people
of mixed descent (usually Amerindian, African and European) who live in the for-
est (Parker, 1989; Adams et al., 2006). They practice subsistence agriculture (based
on manioc production of manioc and manioc flour for subsistence and trade), col-
lecting, fishing and hunting. The Caboclo communities are sedentary and estab-
lish long-term settlements along river-margins. Frequently, large densities produce
over-hunting in the vicinity (see Nunes et al., 1997; Pezzuti et al., 2004). Over-
hunting of large bodied primates may affect seed dispersal patterns of large-
fruited/seeded plant species (Guix, 1996; Peres & Van Roosmalen, 2002; Guix et
al., 2005). The Caboclos also transport large-seeded fruits belonging to native and
alien plant species (Guix, 2005a).
Collection of plant products was an important part of the Indian economy in
the Amazonian basin and is still an important practice among them and Caboclo
settlers. The use of canoes to transport seeds and other plant propagules along wa-
terways constitutes a major cultural and biological event in the Amazon and Orinoco
basins. Unlike Holocene animals and Pleistocene megafauna, humans became long-
distance seed dispersers, and wide rivers were not barriers but pathways for dis-
persal of seeds transported in canoes (Guix, 2005b).
Preliminary surveys identified more than two hundred tree species common
to riparian-flooded forests of the Amazon and Orinoco basins, many of which are
potentially dispersed by humans (see Godoy et al., 1999). This exchange of plant
species reinforces the evidence (in several cases also supported by findings of dif-
ferent types of «imported» pottery) of an extensive trading network of Indian so-
cieties that existed until at least the late 16th century (cf. Heckenberger, 2002;
Heckenberger et al., 2003; 2008; Hornborg, 2004).
If humans had not colonized South America several large-seeded plant
species (e.g., Anacardium giganteum, Bertholletia excelsa, Dipteryx odorata,
Endopleura uchi, Inga edulis, Pachira aquatica, Poraqueiba sericea, Poute-
ria caimito, P. macrophylla, P. ucuqui, Sacoglottis guianensis, Talisia escu-
lenta, Theobroma grandiflorum, T. subincanum, T. sylvestre) might have had
more restricted distributions and some of them might now be threatened or near-
threatened by the absence of long-distance seed dispersals (Guix, 2005a).
Seeds of palm trees (e.g., Astrocaryum, Mauritia, Maximiliana and Oenocar-
pus) are well represented in archaeological settlements of western Amazonia,
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including those of preceramic phases (Oliver, 2001; Morcote-Rios & Bernal,
2001). Other plant species (such as Bactris gasipaes and Theobroma cacao)
are widely cultivated throughout South America but they are rarely found in
the wild state (Clement, 1995; Kennedy 1995).
Amerindian-mediated expansion of plant distributions also includes several
medium- and small-seeded plant species (e.g., Bixa orellana, Carica papaya, Eu-
terpe oleracea, E. precatoria, Genipa americana, Paullinia cupana, Campomane-
sia spp.; Psidium spp.) and manioc (Manihot esculenta). The latter was cultivated
early in the Neotropical region and widely dispersed by vegetative propagules
(Schall et al., 2006).
The manipulation of plant resources, first by Indians and now by the Caboc-
los, in many cases produced an artificial concentration of useful plants around set-
tlement areas (see also Gnecco, 2000). Moreover, hunting and fishing practices
could contribute to the concentration of plants. Humans discard the guts of large
frugivores (mammals, birds and fishes), which may contain seeds, around their
settlements.
The concentration of fruiting plants in areas surrounding human settlements
allows better accessibility to pulp and seed nutritional resources of the species that
are usually widely dispersed (and more unpredictable) throughout the forest. Fruit-
ing trees that were formerly dispersed throughout the forests in relatively low den-
sities became clustered near human settlements in many cases, increasing resource
availability for the group. The concentration of fruiting trees may also attract more
large-bodied frugivores to the settlement, and thus increase hunting possibilities.
The abandonment of settlements probably enhanced new plant communities
and forest succession around these sites, with large proportions of fleshy fruiting
plants and large-seeded species. Today, findings of old Indian pottery on river mar-
gins are often associated with large numbers of plants (individuals and/or species)
that were valuable to them (cf., Clement et al., 2003). The concentration of defe-
cated or discarded seeds of plants that are useful to man around the settlements
may have contributed to the origin of some types of agriculture in tropical forests
(Guix, 1995).
Humans have been living in Amazonia for at least 12,000 years (Salazar, 1993;
Roosevelt, 1999; Scheinsohn, 2003), and the dispersal of several plant species in
this region was mediated by Amerindians during the Holocene. Thus, Amazon-
ian forests may also have been influenced, and in some cases even altered by man
during his presence in the region (Clement, 1999). After the late Pleistocene, hu-
mans «replaced» the paleomegafauna as the main seed dispersers of many large-
seeded fruiting plants in the Amazon basin. The preponderance of humans as
dispersers of large-seeds during the Holocene probably changed seed dispersal pat-
terns of the species involved: seeds that were mainly dispersed in the digestive
tract of the paleomegafauna (endozoochory) throughout the savannahs and forests
began to be collected and transported by human hands (exozoochory) and deposited
in clumps around their settlements. Ecological and archaeological evidence sug-
gest that pre- and post-Columbian settlers in several areas of the Amazonia man-
aged at least some of the forests and influenced their floristic composition.
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The traditional use of Neotropical forests by indigenous peoples, which in-
cludes fruit and seed collecting and agroforestry, should be preserved in protected
areas. In order to guarantee the carrying capacity of the ecosystems and an effec-
tive participation of indigenous communities in biodiversity conservation of pro-
tected areas, it is crucial to avoid over exploitation practices, such as overhunting
of seed dispersing animals or overharvesting. Furthermore, protected natural ar-
eas in Amazonia should be monitored to detect and control invasive alien plant
species carried from other regions.
Acknowledgements
I thank Charles R. Clement and Robin Rycroft for valuable comments and sug-
gestions on the manuscript.
References
Adams, C.; Murrieta, R.; Neves, W. (org.) 2006. Sociedades caboclas amazônicas: Mod-
ernidade e invisibilidade. Annablume, São Paulo.
Balée, W. 1989. The culture of Amazonian forests. In: D.A. Posey; W. Balée (eds.). Re-
source management in Amazonia: Indigenous and folk strategies. Advances in Eco-
nomic Botany nº 7. New York Botanical Garden, New York. p. 1-21.
Balée, W. 1994. Footprints in the forest: Ka’apor ethnobotany – The historical ecology of
plant utilization by an Amazonian people. Columbia University Press. New York.
Balée, W. (ed.) 1998. Advances in historical ecology. Columbia University Press. New York.
Balée, W.; Gely, A. 1989. Managed forest succession in Amazonia: the Ka’apor case. In:
D.A. Posey; W. Balée (eds.). Resource management in Amazonia: Indigenous and folk
strategies. Advances in Economic Botany nº 7. The New York Botanical Garden. New
York. p. 129-158.
Barry, I. 1994. Artes da Alta Amazonia. In: Arte Precolombina na colección Barbier-Mueller
de Xenebra. Consorcio da Cidade de Santiago. Santiago de Compostela. p. 187-193.
Corrêa, C.G. 1994. Artes da Amazonia. In: Arte Precolombina na colección Barbier-Mueller
de Xenebra. Consorcio da Cidade de Santiago. Santiago de Compostela. p. 173-186.
Chagnon, N.A. 2006. Yanomamö; la última gran tribu. Alba Editorial. Barcelona.
Clement, C.R. 1995. Pejibaye (Bactris gasipaes). In: J. Smart; N.W. Simmonds (eds.). Evo-
lution of crop plants. 2nd Ed. Longman. London. p. 383-388.
Clement, C.R. 1999. 1492 and the loss of Amazonian crop genetic resources. II. Crop bio-
geography at contact. Economic Botany 53: 203-216.
Clement, C.R.; McCann, J.M.; Smith, N.J.H. 2003. Agrobiodiversity in Amazônia and its
relationship with dark earths. In: J. Lehmann; D. Kern.; B. Glaser; W. Woods (eds.).
Amazonian dark earths – origin, properties, and management. Kluwer Academic Publ.
Dordrecht. p. 159-178.
Clement, C.R.; Bernal, R.; Montes Rodrigues, M.E.; Marmolejo, D. 2005. Origin and dif-
fusion of Neotropical crops – interactions among linguistics, ethnobotany, archaeol-
ogy and genetics. In: International Symposium on Historical Linguistics in South
America. Livro de Resumos. Universidade Federal do Pará & Museu Paraense Emílio
Goeldi. Belém (Pará). p. 63-64.
Clement, C.R. 2006. Domesticação de paisagens e plantas amazônicas – a interação
de etnobotânica, genética molecular e arqueologia. In: G. Marcote-Rios; S. Mora-
Amazonian forests need Indians and Caboclos Orsis 24, 2009 37
Camargo; C. Franky-Calvo (eds.). Pueblos y paisajes antíguos en la selva
amazónica. Universidad Nacional de Colombia. Facultad de Ciencias. Tarax-
acum, Bogotá. p. 97-112.
Denevan, W.M. 1992. The pristine myth: The landscape of the Americas in 1492. Annals
of the Association of American Geographers 82: 369-385.
Gnecco, C. 2000. Ocupación temprana de bosques tropicales de montaña. Editorial Univ.
Cauca. Popayán.
Godoy, J.R.; Petts, G.; Salo, J. 1999. Riparian flooded forests of the Orinoco and Amazon
basins: a comparative review. Biodiversity and Conservation 8: 551-586.
Guimarães, P.R. Jr.; Galetti, M.; Jordano, P. 2008. Seed dispersal anachronisms: rethink-
ing the fruits extinct megafauna ate. PloS ONE 3(3): e1745. doi: 10.1371/journal.
pone.0001745.
Guix, J.C. 1995. Aspectos da frugivoria, disseminação e predação de sementes por verte-
brados nas florestas nativas do Estado de São Paulo, sudeste do Brasil. PhD Thesis.
Facultat de Biologia. Universitat de Barcelona. Barcelona.
Guix, J.C. 1996. Aspectos da frugivoria, disseminação e predação de sementes por verte-
brados nas florestas nativas do Estado de São Paulo, sudeste do Brasil. Col·lecció de
Tesis Doctorals Microfitxades núm. 2798. Universitat de Barcelona. Barcelona.
Guix, J.C. 2005a. Evidence of old anthropic effects in forests at the confluence of the Cau-
rés and Negro Rivers – NW Amazonia: the role of Indians and Caboclos. Grupo Es-
tud. Ecol., Sér. Doc. 8(1): 1-27.
Guix, J.C. 2005b. An old-European metal object found at the confluence of the Caurés and
Negro rivers, NW Amazonia. Revista d’Arqueologia de Ponent 15: 341-346.
Guix, J.C. 2006. Evidence of archaeophytes in Amazonian forests: an assessment to seed
dispersal by Indian in pre-Columbian times. In: W. Rabistch; F. Klingenstein; F. Essl
(eds.). 4th European Conference on Biological Invasions, Vienna. NEOBIOTA. BfN-
Skripten 184: 140. Bundesamt für Naturschutz. Bonn.
Guix, J.C. 2007. On the origin of agriculture in lowland South America: a biological per-
spective for an archeological problem. Grupo Estud. Ecol., Sér. Doc., Suppl. 9: 1-26
(+ appendix)
Guix, J.C.; Martín, M.; Leonel, C. 2005. Threatened plant-frugivore mutualisms in a Brazil-
ian Atlantic rainforest island: report on fieldwork on Ilha de São Sebastião. Grupo Es-
tud. Ecol., Sér. Doc. 8(2): 1-25.
Hallwachs, W. 1986. Agoutis (Dasyprocta punctata): The inheritors of guapinol (Hymenaea
courbaril: Leguminosae). In: A. Estrada; T.H. Fleming (eds.) Frugivores and seed dis-
persal. W. Junk Publishers. Dordrecht.
Heckenberger, M. 2002. Rethinking the Arawakan diaspora: Hierarchy, regionality, and
the Amazonian formative. In: J.D. Hill; F. Santos-Granero (eds.). Comparative
Arawakan histories: Rethinking language family and culture area in Amazonia. Uni-
versity of Illinois Press. Urbana. p. 99-122.
Heckenberger, M.; Kuikuro, A.; Kuikuro, U.T.; Russell, J.C.; Schmidt, M.; Fausto, C.;
Franchetto, B. 2003. Amazonia 1492: pristine forest or cultural parkland? Science 301:
1710-1714.
Heckenberger, M.; Russell, J.C.; Fausto, C.; Toney, J.R.; Schmidt, M.J.; Pereira, E.;
Franchetto, B.; Kuikuro, A. 2008. Pre-Columbian Urbanism, anthropogenic land-
scapes and the future of Amazon. Science 321: 1214-1217.
Hornborg, A. 2004. Ethnogenesis, regional integration, and ecology in Prehistoric Ama-
zonia: Toward a System Perspective. Internet database: http://www.havenscenter.org/
VSP/vspf04/hornborg/PrehistoricAmazonia.pdf
38 Orsis 24, 2009 J. C. Guix
Hubbe, A.; Hubbe, M.; Neves, W. 2007. Early Holocene survival of megafauna in South
America. Journal of Biogeography 34: 1642-1646.
Janzen, D.H.; Martin, P.S. 1982. Neotropical anachronisms: the fruits the gomphotheres
ate. Science 215: 19-27.
Kennedy, A.J. 1995. Cacao (Theobroma cacao, Sterculiaceae). In: J. Smart; N.W. Sim-
monds (eds.). Evolution of crop plants. 2nd Ed. Longman. London.
Moran, E.F. 1996. Nurturing the forest: strategies of native Amazonians. In: R. Ellen; K.
Fukui (eds.) Redefining Nature. Berg Publishers. Oxford. p. 531-555.
Morcote-Rios, G.; Bernal, R. 2001. Remains of palms (Palmae) at archaeological sites in
the New World: A review. Botanical Review 67(3): 309-350. p. 472-475.
Nunes, V.S.; Miranda, J.R.; Barbosa, M.F.S. 1997. Game hunting by rubber tappers of the
Tejo River Basin, Acre State, Brazil. Grupo Estud. Ecol., Sér. Doc. 5: 1-15.
Oliver, J.R. 2001. The archaeology of forest foraging and agricultural production in Ama-
zonia. In: C. McEwan; C. Barreto; E. Neves (eds.) Unknown Amazon: Culture in na-
ture in ancient Brazil. The British Museum Press. London. p. 50-85.
Parker, E.P. 1989. A neglected human resource in Amazonia: The Amazon Caboclo. In:
D.A. Posey; W. Balée (eds.). Resource management in Amazonia: indigenous and flk
strategies. Advances in Economic Botanny nº 7. New York Botanical Garden. New York.
p. 249-259.
Peres, C.A.; Van Roosmalen, M.G.M. 2002. Patterns of primate frugivory in Amazonia
and the Guianan shield: implications to the demography of large-seeded plants in over-
hunted forests. In: D. Levey; M. Galetti; W. Silva (eds.). Frugivory and seed disper-
sion: ecological, evolutionary and conservation issues. CABI Publishing. Oxford.
Peters, C.M.; Balick, M.J.; Kahn, F.; Anderson, A.B. 1989. Oligarchic forests of economic
plants in Amazonia: Utilization and conservation of an important tropical resource. Con-
servation Biology 3: 341-349.
Pezzuti, J.C. B.; Rebêlo, G.H.; Silva, D.F. da; Lima, J.P.; Ribeiro, M.C. 2004. A caça e a
pesca no Parque Nacional do Jaú. In: S.H. Borges; S. Iwanaga; C.C. Durigan;
M.R. Pinheiro (eds.). Janelas para a biodiversidade no Parque Nacional do Jaú: uma
estratégia para o estudo da biodiversidade na Amazônia. Fundação Vitória Amazônica.
Manaus. p. 213-228.
Posey, D.A. 1985. Indigenous management of tropical forest ecosystems: The case of the
Kayapó Indians of the Brazilian Amazon. Agroforestry Systems 3: 139-158.
Posey, D. A.; Balée, W. (eds.) 1989. Resource management in Amazonia: Indigenous and
folk strategies. Advances in Economic Botany nº 7. The New York Botanical Garden.
New York.
Raffles, H.; WinklerPrins, A.M.G.A. 2003. Further reflections on Amazonian Environmen-
tal history: transformations of rivers and streams. Latin American Research Review
38: 165-187.
Roosevelt, A.C. 1999. Twelve thousand years of Human-environment interactions in the
Amazon floodplain. In: C. Padoch, et al. (eds.). Várzea: diversity, development, and
conservation of Amazonia’s whitewater floodplains. New York Botanical Garden. New
York. p. 371-392.
Roosevelt, A.C. 2000. The lower Amazon: a dynamic Human habitat. In: D.L. Lentz (ed.)
Imperfect balance: landscape transformations in the pre-Columbian Americas. Colum-
bia University Press. New York. p. 455-491.
Rossetti, D.F.; Toledo, P.M. de; Moraes-Santos, H.M.; Santos Jr., A.E.A. 2004. Recon-
structing habitats in Central Amazonia using megafauna, sedimentology, radiocarbon
and isotope analysis. Quaternary Research 61: 289-300.
Amazonian forests need Indians and Caboclos Orsis 24, 2009 39
Rossetti, D.F.; Toledo, P.M. de; Góes, A.M. 2005. New geological framework for West-
ern Amazonia (Brazil) and implications for biogeography and evolution. Quaternary
Research 63: 78-89.
Salazar, E. 1993. Traces of the past. The archaeology and ethnohistory of Ecuador’s Ama-
zon Region. In: N. Paymal; C. Sosa (eds.) Amazon worlds: peoples and cultures of
Ecuador’s Amazon Region. Sinchi Sacha Editions. Quito. p. 18-45.
Schaal, B.A.; Olsen, K.M.; Carvalho, L.J.C.B. 2006. Evolution, domestication, and agro-
biodiversity in tropical crop cassava. In: T.J. Motley; N. Zerega; H. Hugh (eds.). Dar-
win’s harvest – New approaches to the origins, evolution, and conservation of crops.
Columbia University Press. New York. p. 269-284.
Scheinsohn, V. 2003. Hunter-gatherer archaeology in South America. Annu. Rev. Anthro-
pol. 32: 339-361.
Vivo, M. de; Carmignotto, A.P. 2004. Holocene vegetation change and the mammal fau-
nas of South America and Africa. Journal of Biogeography 31: 943-957.
Zucchi, A. 2002. A new model of northern Arawakan expansion. In: Comparative Arawakan
histories: Rethinking language family and culture area in Amazonia J.D. Hill; F. San-
tos-Granero (eds.). University of Illinois Press. Urbana. p. 199-222.
40 Orsis 24, 2009 J. C. Guix
